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PROBLEM TO BE SOLVED: To provide a lithium 
secondary battery excellent in battery characteristics 
such as cycle characteristics, electrical capacity, and 
preservation characteristics of the battery. 

SOLUTION: As this electrolytic solution for a lithium ^ 
secondary battery, an eletrolytic solution having an / 
electrolyte dissolved in a nonaqueous solvent is provided ^ >^ 

that contains penta-fluoro-benzene derivatives 

containing electron- attractive substitution groups F - 

expressed by a general formula (where, Y stands for an 
ester group containing an alky! group or aryl group 
having the number of carbon atoms of 1 to 12, an acyl 
group containing an alkyi group or aryl group having the 
number of carbon atoms of 1 to 12, or a tri-fluoromethyl 
group. A halogen atom may be substituted for at least one of hydrogen atoms of the alkyI 
group or aryl group.), and a lithium secondary battery using this is also provided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the new 
electrolytic solution for lithium secondary batteries which can offer the lithium secondary 
battery excellent also in cell properties, such as the cycle property of a cell, and electric 
capacity, a preservation property, and the lithium secondary battery using it, 
[0002] 

[Description of the Prior Art] In recent years, the lithium secondary battery is widely 
used as power supplies for a drive, such as small electronic equipment. The lithium 
secondary battery mainly consists of a positive electrode, nonaqueous electrolyte, and a 
negative electrode, and the lithium secondary battery which made lithium multiple 
oxides, such as LiCo02, the positive electrode, and used the carbon material or the 
lithium metal as the negative electrode is used especially suitably. And as the electrolytic 
solution for the lithium secondary batteries, carbonate, such as ethylene carbonate (EC) 
and propylene carbonate (PC), is used suitably. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the rechargeable battery which has 
the further excellent property about cell properties, such as the cycle property of a cell 
and electric capacity, is called for. As a negative electrode, exfoliation of a carbon 
material is observed and according to the grade of a phenomenon, lithium secondary 
batteries using the high-crystallized carbon material, such as a natural graphite and an 
artificial graphite, have a bird clapper as capacity is irreversible. This exfoliation takes 
place, when the solvent in the electrolytic solution decomposes at the time of charge, and 
it originates in the electrochemical reduction of the solvent in the interface of a carbon 
material and the electrolytic solution. Although PC with the melting point low especially 
and a high dielectric constant had high electric conduction also in low temperature, when 
a graphite negative electrode was used, disassembly of PC took place and the trouble that 
it could not be used was in lithium secondary batteries. While EC also repeats charge and 
discharge, a solution happens in part, and cell performance degradation happens. For this 
reason, the present condition is that cell properties, such as the cycle property of a cell 
^ and electric capacity, are not necessarily satisfactory, 
[0004] this invention aims at offering the electrolytic solution for lithium secondary 
batteries which can constitute the lithium secondary battery which solved the technical 
problem about the above electrolytic solutions for lithium secondary batteries, was 
excellent in the cycle property of a cell, and was fiirther excellent also in cell properties, 



such as electric capacity and a preservation property in a charge state, and the lithium 

secondary battery using it. 

[0005] 

[Means for Solving the Problem] It sets to the electrolytic solution by which the 
electrolyte is dissolved in the non-aqueous solvent, and this invention is the following 
general formula (I) in this electrolytic solution. 
[0006] 
[Formula 3] 




F F 



[0007] (Y shows the acyl group containing the ester machine, the alkyl group of carbon 
numbers 1-12, or aryl group containing the alkyl group or aryl group of carbon numbers 
1-12, or a trifluoromethyl machine among a formula.) However, at least one of the 
hydrogen atoms of the aforementioned alkyl group or an aryl group may be replaced by 
the halogen atom. It is related with the electrolytic solution for lithium secondary 
batteries characterized by th ejpentafluoro benzene d erivatives containing the substituent 
of the electronic suction nature expressed contammg. 

[0008] It sets to the lithium secondary battery which consists of the electrolytic solution 

by which the electrolyte is dissolved in the positive electrode, the negative electrode, and 

the non-aqueous solvent, and is the following general formula (I) in this electrolytic 

solution. 

[0009] 

[Formula 4] 



F- 




Y 



F F 



[0010] (Y shows the acyl group containing the ester machine, the alkyl group of carbon 
numbers 1-12, or aryl group containing the alkyl group or aryl group of carbon numbers 
1-12, or a trifluoromethyl machine among a formula.) However, at least one of the 
hydrogen atoms of the aforementioned alkyl group or an aryl group may be replaced by 
the halogen atom. It is related with the lithium secondary battery characterized by the 
pentafluoro benzene derivatives containing the substituent of the electronic suction nature 
expressed containing. 

[001 1] It is thought that the pentafluoro benzene derivatives containing the substituent of 
the aforementioned electronic suction nature contained in the electrolytic solution have 
the effect which suppresses decomposition of the electrolytic solution, without being 
returned in the case of charge, forming a passive-state coat in a carbon-material front 



face, covering with a passive-state coat the carbon material high-crystallized in activity, 
such as a natural graphite and an artificial graphite, and spoiling the normal reaction of a 
cell. 
[0012] 

[Embodiments of the Invention] In the pentafluoro benzene derivatives containing the 
substituent of the electronic suction nature expressed with the aforementioned formula (I) 
contained in the electrolytic solution by which the electrolyte is dissolved in the non- 
aqueous solvent Y A methyl group, an ethyl group, a propyl group, an isopropyl machine, 
a butyl, The alkyl group of the carbon numbers 1-12 by which at least one of hydrogen 
atoms, such as an isobutyl machine, 2 and 2, 2-truflfe RUORO ethyl group, 2, 2, 3 and 3, 
and a 3 -pentafluoro propyl group, may be replaced by the halogen atom. Or the ester 
machine with which at least one of hydrogen atoms, such as a phenyl group, a benzyl, 
and a pentafluorophenyl machine, contains the aryl group which may be replaced by the 
halogen atom is desirable. Y Moreover, a methyl group, an ethyl group, a propyl group, 
an isopropyl machine, a butyl, The alkyl group of the carbon numbers 1-12 by which at 
least one of the hydrogen atoms, such as an isobutyl machine, 2 and 2, 2-trufife RUORO 
ethyl group, 2, 2, 3 and 3, and a 3 -pentafluoro propyl group, may be replaced by the 
halogen atom. Or the acyl group in which at least one of the hydrogen atoms, such as a 
phenyl group, a benzyl, and a pentafluorophenyl machine, contains the aryl group which 
may be replaced by the halogen atom is desirable. Furthermore, halogen content alkyl 
groups of Y, such as a trifluoromethyl machine, are desirable. 
[0013] As an example of pentafluoro benzene derivatives expressed with the 
aforementioned formula (I) For example, a pentafluoro benzene carboxylic-acid methyl 
[Y= methoxycarbonyl group], Pentafluoro benzene carboxylic-acid ethyl [Y= 
ethoxycarbonyl machine], A pentafluoro benzene carboxylic-acid propyl [a Y= propoxy 
carbonyl group], A pentafluoro benzene carboxylic-acid isopropyl [Y== isopropoxy 
carbonyl group], the pentafluoro benzene carboxylic acids 2 and 2 and 2-trufFe RUORO 
ethyl [Y= — 2, 2, and 2-trifluoroethoxy carbonyl group] ~ A pentafluoro benzene 
carboxylic-acid phenyl [Y= phenoxy carbonyl group], A pentafluoro benzene carboxylic- 
acid benzyl [Y= benzyloxycarbonyl machine]. Ester, such as pentafluoro benzene 
carboxylic-acid pentafluorophenyl [a Y= pentafluoro phenoxy carbonyl group] two ~ ' ~ 
three - * — four -- ' - five ~ ' - six — ' - a - pentafluoro acetophenone [Y= acetyl group - 
- ] - Acyls, such as an OKUTA fluoro acetophenone [Y= truflfe RUORO acetyl group], 
2, 3, 4 and 5, and a 6-pentafluoro benzophenone [Y= phenoxy machine], OKUTA fluoro 
toluene [Y= trifluoromethyl machine], etc. are mentioned. In addition, the pentafluoro 
benzene derivatives in this invention are not limited to the above-mentioned example that 
what is necessary is just to contain the substituent of electronic suction nature. 
[0014] If too few [ when many / too /, the electric conductivity of the electrolytic solution 
etc. may change and a cell performance may fall, and ], since the cell property which 
sufficient coat was not formed but was expected will not be acquired, the content of the 
pentafluoro benzene derivatives containing the substituent of the electronic suction nature 
expressed with the aforementioned formula (I) has 0, 1 - 10% of the weight of an 
especially desirable range 0^£Ho_2WVof the weight to the weight of the electrolytic 
solution. — . 

[0015] As a non-aqueous solvent used by this invention, what consists of a high dielectric 
constant solvent and a hypoviscosity solvent is desirable. As a high dielectric constant 



solvent, annular carbonate, such as ethylene carbonat e (EC) p ropylene carbon ate (PCI, 
and butylene carbonate (BC), is mentioned suitably, for example. These high dielectric 
constant solvents may be used by one kind, and you may use them, combining them two 
or more kinds. 

[0016] As a hypoviscosity solvent, amides, such as ester, such as nitril, such as lactone, 
such as ether, such as chain-like carbonate [, such as dimethyl carbonate (DMC), 
methylethyl carbonate (MEC), and diethyl carbonate (DEC), ], tetrahydrofuran, 2-methyl 
tetrahydrofuran, 1, 4-dioxane, 1, 2-dimethoxy ethane, 1, 2-diethoxy ethane, 1, and2- 
dibutoxy ethane, and gamma-butyrolactone, and an acetonitrile, and a methyl propionate, 
and a dimethylformamide, are mentioned, for example. These hypoviscosity solvents 
may be used by one kind, and you may use them, combining them two or more kinds. A 
high dielectric constant solvent and a hypoviscosity solvent are chosen as arbitration, 
respectively, and are combined and used, in addition, an aforementioned high dielectric 
constant solvent and an aforementioned hypoviscosity solvent - a capacity factor (high 
dielectric constant solvent : hypoviscosity solvent) ~ usually — 1:9-4:1 — 1:4-7:3 come 
out comparatively preferably, and it is used 

[0017] As an electrolyte used by this invention, LiPF6, LiBF4, LiC104, LiN (S02CF3)2, 
LiN (S02C2F5)2, LiC (S02CF3)3, etc. are mentioned, for example. These electrolytes 
may be used by one kind, and you may use them, combining them two or more kinds. 
0.1-3 M of these electrolytes is usually preferably used by the concentration of 0.5-1. 5M, 
dissolving in the aforementioned non-aqueous solvent. 
[0018] The electrolytic solution of this invention is obtained by mixing an 
aforementioned high dielectric constant solvent and an aforementioned hypoviscosity 
solvent, dissolving the aforementioned electrolyte in this, and dissolving the pentafluoro 
benzene derivatives expressed with the aforementioned formula (I). 
[0019] The electrolytic solution of this invention is suitably used as the composition 
member of a rechargeable battery, especially a composition member of a lithium 
secondary battery. Especially about composition members other than the electrolytic 
solution which constitutes a rechargeable battery, it is not limited but the various 
composition members currently used conventionally can be used. 
[0020] For example, the compound metallic oxide of the at least one kind of metal and 
the lithium which are chosen from the group which consists of cobalt, manganese, nickel, 
chromium, iron, and vanadium as a positive-electrode material (positive active material) 
is used. As such a compound metallic oxide, LiCo02, LiMn204, LiNi02, etc. are 
mentioned, for example. 

[0021] the positive-electrode material of the above [ a positive electrode ] ~ binders, such 
as electric conduction agents, such as acetylene black and carbon black, and a 
polytetrafluoroethylene (PTFE), and a polyvinylidene fluoride (PVDF), - kneading - a 
positive electrode after considering as a mixture, this positive-electrode material is 
rolled out to the foil and lath board of the aluminum as a charge collector, or the product 
made from stainless steel, and it is produced by heat-treating under a vacuum at the 
temperature of 50 degrees C - about 250 degrees C for about 2 hours 
[0022] Matter, such as a carbon material [the pyrolytic carbons, the corks, the graphite, 
the organic high-molecular-compounds (artificial-graphite, natural graphite, etc.) 
combustion object, and the carbon fiber], a compound stannic-acid ghost, etc. which have 
the graphite-mold crystal structure which can emit [ occlusion and ] a lithium metal, a 



lithium alloy, and a lithium as a negative electrode (negative-electrode active material), is 
used. It is desirable to use the carbon material which has especially the graphite-mold 
crystal structure whose spacing (d002) of a lattice plane (002) is 3.35-3.40A (A), in 
addition, powder material like a carbon material — binders, such as an ethylene- 
propylene-diene terpolymer (EPDM), a polytetrafluoroethylene (PTFE), and a 
polyvinylidene fluoride (PVDF), kneading - a negative electrode - it is used as a 
mixture 

[0023] Especially the structure of a lithium secondary battery is not limited and the coin 
type cell which has the separator of a positive electrode, a negative electrode and a 
monolayer, or a double layer, a cylindrical cell, a square shape cell which has the 
separator of the shape of a positive electrode, a negative electrode, and a roll further, etc. 
are mentioned as an example. In addition, the fine porous membrane of a polyolefine 
well-known as separator, textile fabrics, a nonwoven fabric, etc. are used. 
[0024] 

[Example] Next, although an example and the example of comparison are given and this 
invention is explained concretely, these do not limit this invention at all. 
After having prepared the non-aqueous solvent of example 1 [manufacture of the 
electrolytic solution] PC-DMC(capacity factor) =1:2, having dissolved so that it might 
become the concentration of IM about LiPF6 at this, and preparing the electrolytic 
solution, the peritafluoro benzene carboxylic-acid methyl [Y= methoxycarbonyl group] 
was added as a pentafluoro benzene derivative (additive) which contains the substituent 
of electronic suction nature further so that it might become 2.0 % of the weight to the 
electrolytic solution. 

[0025] [Production of a lithium secondary battery and measurement of a cell property] 
Acetylene black (electric conduction agent) was mixed 10% of the weight 80% of the 
weight, the polyvinylidene fluoride (binder) was mixed for LiCo02 (positive active 
material) at 10% of the weight of a rate, N-methyl pyrrolidone was added to this, and it 
was made the shape of a slurry, and applied on aluminum foil. Then, pressing of this was 
dried and carried out and the positive electrode was adjusted. The natural graphite 
(negative-electrode active material) was mixed 90% of the weight, the polyvinylidene 
fluoride (binder) was mixed at 10% of the weight of a rate, N-methyl pyrrolidone was 
added to this, and it was made the shape of a slurry, and applied on copper foil. Then, 
pressing of this was dried and carried out and the negative electrode was prepared. And 
using the separator of a polypropylene fine porosity film, the above-mentioned 
electrolytic solution was poured in and the coin cell (3.2mm in the diameter of 20mm, 
thickness) was produced. Using this coin cell, under the room temperature (20 degrees 
C), it charged to final-voltage 4.2V in 5 hours, and, next, discharged to final-voltage 2.7V 
under the 0.8mA constant current, and this charge and discharge were repeated by the 
0.8mA constant-current constant voltage. Initial charge-and-discharge capacity was 
almost equivalent to the case (example 2 of comparison) where EC-DMC (1/2) is used as 
the electrolytic solution, and when the cell property after 50 cycles was measured, the 
service-capacity maintenance factor when making initial service capacity into 100% was 
80.2%. Moreover, the low-temperature property was also good. The production 
conditions and cell property of a coin cell are shown in Table 1. 
[0026] as example 2 additive — the pentafluoro benzene carboxylic acids 2 and 2 and 2- 
truflfe RUORO ethyl [Y= - when used 2, 2, and 2-trifluoroethoxy carbonyl group] 2.0% 



of the weight to the electrolytic solution, and also the electrolytic solution was prepared 
like the example 1, the coin cell was produced and the cell property after 50 cycles was 
measured, the service-capacity maintenance factor was 80.2% The production conditions 
and cell property of a coin cell are shown in Table 1 . 

[0027] an example - three -- an additive „******-. two -- ' - three - ' - four - ' -- five 

- ' ~ six - * pentafluoro one - an acetophenone - [ - Y -- = ~ an acetyl group - ] 

- the electrolytic solution ~ receiving - 2.0 % of the weight - having used it - and 
also - an example — one — the same - the electrolytic solution — preparing — coin -- a 
cell - producing - 50 -- a cycle -- the back - a cell a property - having measured The 
production conditions and cell property of a coin cell are shown in Table 1 . 

[0028] When used OKUTA fluoro toluene [Y= trifluoromethyl machine] 2.0% of the 
weight to the electrolytic solution as example 4 additive, and also the electrolytic solution 
was prepared like the example 1, the coin cell was produced and the cell property after 50 
cycles was measured, the service-capacity maintenance factor was 82.6%. The 
production conditions and cell property of a coin cell are shown in Table 1 . 
[0029] When used OKUTA fluoro toluene [Y= trifluoromethyl machine] 0.2% of the 
weight to the electrolytic solution as example 5 additive, and also the electrolytic solution 
was prepared like the example 1, the coin cell was produced and the cell property after 50 
cycles was measured, the service-capacity maintenance factor was 79,2%. The 
production conditions and cell property of a coin cell are shown in Table 1. 
[0030] When used OKUTA fluoro toluene [Y= trifluoromethyl machine] 5.0% of the 
weight to the electrolytic solution as example 6 additive, and also the electrolytic solution 
was prepared like the example 1, the coin cell was produced and the cell property after 50 
cycles was measured, the service-capacity maintenance factor was 82.5%. The 
production conditions and cell property of a coin cell are shown in Table 1 . 
[0031] The non-aqueous solvent of example of comparison 1 PC-DMC(capacity factor) 
=1:2 was prepared, and it dissolved so that it might become the concentration of IM 
about LiPF6 at this. The pentafluoro benzene derivatives which contain the substituent of 
electronic suction nature at this time were not added at all. When the coin cell was 
produced like the example 1 using this electrolytic solution and the cell property was 
measured, disassembly of PC took place at the time of first time charge, and it has not 
discharged at all. As a result of disassembling and obser\ang the cell after first time 
charge, ablation was accepted in the graphite negative electrode. The production 
conditions and cell property of a coin cell are shown in Table 1. 
[0032] After having prepared the non-aqueous solvent of example 7 EC-DMC(capacity 
factor) =1 :2, having dissolved so that it might become the concentration of IM about 
LiPF6 at this, and preparing the electrolytic solution, OKUTA fluoro toluene [Y= 
trifluoromethyl machine] was fiirther added as a pentafluoro derivative (additive) so that 
it might become 2.0 % of the weight to the electrolytic solution. It was almost equivalent 
to the case (example 2 of comparison) where only EC-DMC (1/2) is used as the 
electrolytic solution when the coin cell was produced like the example 1 using this 
electrolytic solution and the cell property was measured, and when the cell property after 
50 cycles was measured, the service-capacity maintenance factor when making initial 
service capacity into 100% was 91.2%. Moreover, the low-temperature property was also 
good. The production conditions and cell property of a coin cell are shown in Table 1. 
[0033] When used the pentafluoro benzene carboxylic-acid methyl [Y= methoxycarbonyl 



group] 2.0% of the weight to the electrolytic solution as example 8 additive, and also the 
electrolytic solution was prepared like the example 7, the coin cell was produced and the 
cell property after 50 cycles was measured, the service-capacity maintenance factor was 
90.7%. The production conditions and cell property of a coin cell are shown in Table 1. 
[0034] When replaced with LiCo02, used LiMn 204 as example 9 positive active 
material, and used OKUTA fluoro toluene [Y= trifluoromethyl machine] 3.0% of the 
weight to the electrolytic solution as an additive, and also the electrolytic solution was 
prepared like the example 8, the coin cell was produced and the cell property after 50 
cycles was measured, the service-capacity maintenance factor was 91.8%. The 
production conditions and cell property of a coin cell are shown in Table 1 . 
[0035] The non-aqueous solvent of example of comparison 2 EC:DMC(capacity factor) 
=1:2 was prepared, and it dissolved so that it might become the concentration of IM 
about LiPF6 at this. The pentafluoro benzene derivatives which contain the substituent of 
electronic suction nature at this time were not added at all. The coin cell was produced 
like the example 1 using this electrolytic solution, and the cell property was measured. 
The service-capacity maintenance factor after 50 cycles was 83.8% to initial service 
capacity. The production conditions and cell property of a coin cell are shown in Table 1 . 
[0036] 
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[0037] In addition, this invention is not limited to the example of a publication, but 
various combination which can be guessed is easily possible for it from the meaning of 
invention. Especially the combination of the solvent of the above-mentioned example is 



not limited. Furthermore, although the above-mentioned example is related with a coin 
cell, this invention is applied also to the cell of cylindrical shape and prism type. 
[0038] 

[Effect of the Invention] According to this invention, the lithium secondary battery 
excellent in cell properties, such as the cycle property of a cell, electric capacity, and a 
preservation property, can be offered. 
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2, 2. 2-hvy!Vtox^)m. 2. 

2, 3, 3. 3 -'<>':5'7;l'7)-Dro trypan J:<?);d<* 
JI^co^i'-=5:< i: 1 1 o*f>'No>'yK^t'S^$h.-Cv^t 
ti:v^^g[l~l 2cOT/l'^;wa. ^«i;7x:::/U 
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[0013] mie^ ( I ) Tg$ix&<y5'7/i'3rD'<L 
y^y'^ym<^mmhi.x\i, mnt, ^y^ytv 

/l^] . '<.>':5'7;l':tn'<:.>'-tfy;<?;t';Ky^x-f-;l' CY 
=xv^'yii>V'Tf^-)vm') . ^y^y}Vi[uKy-><iyij 

y^ytvau^vzytiivif-v^^ ^/ru'Civ {y=A 

Vyuif^^~yi]A'if-.-)V&'y , ^y9y)V:^'aK.y^y 
fl)Vif'.ym,2,l-V^i y)V-^ux^)V C Y=2,2,2-h 'J 
ytS/i[u-x.y^i^ij)Vi^s=.)vm'^ , '<>':J'7;P3j-n's>' 
'b'yx?/i'3J^>'i?7x-;U CY=7x>'=3f$--;*;^'-K-;i^ 

, '<.>':^'7;^^o'<y^fy;^?;^;}^yi!'<.>'x;^ Cy 
='^yy;i'jr='f>'*;i'^-''i^3 . ^y-9yivisxi^y 
^ytuvif^y^'^.y'? yiVi^uy CY=^y^'7 
;|.3j-o7x7^v';^.'U^x;i/a: ^:fc't7)xxx;l«, 
2'. 3'. 4". 5', ^' -'^y^yfv^uT^vy 3,jy 

CY=r-bf-/PS] . ?r:J':J'7/l':tnr-feh7x7y 
(;Y=bU7;i'7j-nT-fef-;ua:) , 2,3.4, 5,6-'<.y:?7 
)Vi!xiK.yvyy.jy CY=7xy^j^a] ^ifwri^ 
/P^. 3f^':5'7yl'5foh;Pxy CY=^'J7/^J^•^^f■ 
;^a] ^t'AW^til). ^fc- wmziiVrh'^y^ 
y}\'i!uK.y^yVmwmt. i;^ffil5lttioa^»S:^ 

[0014] fflE^ ( I ) X^^t\.h%Fm^\'^(r>W^ 

m^'^-^th^y9y)ViiuKy^-y^^mn^^^ 

T\ Wjg(7)aitMUT0. 0 l~2 0filL%. 

0. 1-1 OfiM%cO!Effl*Wi: Lv\ 

[0015] *^a3-Cfigffl§fLS^^*^iSEi: LTJi, ?S 

g^m^^i: L-TIi, Mxtf, X'^U-y;<?-7lf;T^-h 

(EC) , ru^ivyij-m—v (PC) , 7'tU'y 
(Bc) ii)i(m^^~-^^^^~y'm^ 
\zmit>b.h. t.Kt><rymsmMmmt. -w^x:>m 

LT t J: < , * tzrMmy±M?i-^t>'^xmi LT t J; 

[0016] ffittS^JSEt LTii, Caji-tf, 

h (DMC) . ;'<^;Px-f;P;<7---K^>-b (M 
EC) , 'yX.^)Vi]-if^^^~Y (DEC) ^i:'<:o^^^:;<7 
rh7hHa77y. 2-;^>f-yPrh7 
hHn77y. 1. 4-i^'::i-^^;-y, 1, 2-i^'^N=Jf 
v-xrfy, 1, 2->''xhdf>'X^'y, 1. 2-v7h 
afi^xrj'y^ifcox-f/l^, r -T'^D^^' hySri: 
cO^^byS, r-bh-bU/I^=3ri:0-MlvPii, To 
b';i-yi?;^f-/U^:i:'«x;?.f;l^s i^'^^/t-^/Pi^TS 
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timdz^tK^timi^^h-txmm^tit, ^fc, Mia 

1:4-7: ScOfJ-^fffiffl^itl.. 

[0017] :^^e^x'm^tiimmMt txa, mi 

tf. L 1 PF6. L 1 BF4. L i C 1 04. L 1 N (S 
O2CF3) 2. L i N ( SO2C2F5) 2, Lie (SO2 

x-m LxhXK. -mm±m?f-'^hitxm lx t lo 
j;v\ cti^mmmt. mi<r)i^mmizw^o . i~ 
3M. mL<iio. 5-1. smcDmix-mm^ixx 

[00 1 8 ] *i%BH<?)m»fe[<i, f^iUff, H>ilB«OlSiM 

ML. BuiajS ( I ) x-m^ix^^yi'y/i'^^^y-^y 

[0019] ^^mcowm&ii. zd:mM(om^^^. 
mzu f-^M.r.ixmmm&mt: tximi.zi^m^ti 
i.. zM:m:mm-hnMm.mv<nm&Mzr>\,^x 20 
\im>,zw^^ivr . wmmfix\^hm^ff)m^mi 
imx'th. 

[0020] mi.\f. wimf^ ( ifisvSM) t Lx\i 

a/<^ivy. -^viiv. ~-/'r)V. :?nA. ^fcj:t^A'-f 

but^yj^bc^m^^mm-^m-^tL^, 

^j:m^^MimbLXli, LiCo02. L 

iMn204 , L i N i 02^t'*^W'^iXl>. 

[0021] jEfig(±. tssd-cojEmnm^r-t-ti^yfy 

y)V^ux.^)yy (PTFE) , ^fjy-y-fkt'-'Jry 
{ PVD F ) tj:)^(r>^m\b'imLX-sm^mb Lfz 

zcojEmmimni^bixcryr/ui-'yj^'^^T 

yuxm<Dm'^^:^mzS&lx. 5 0x:~2 5 0-cs 
&<Dis.^x'2mmwi%^TX'Mmmti:ibi.zx 0 

[0 0 2 2] MS (ftSSftlW) fct-CJi. yf-'^A^ 

ts:mwm'mi^i\.h. ittCs ts^s ( o o 2 ) <7)Si 

HPi (doo2) *J3. 35-3. A^:^vy7.Va-K 
(A) t'fcSMSS»^B«jt^*-ri.^tffiSrffiffl-t 

x^U'yrDt:p-y>''xy:?-.-KU-7- (epdm) . 
^'Jrh^^/l'JfDX^py (PTFE) . ^iJ^-y-fL 

t'::: >; f V ( p V D F ) )i(r>mmn b^mix^m^ 
mb\^x'm^f\.h. 

[00 2 3] •Jf-'^AZaclJlfiiOfilJtmftCKBS^^I* 50 
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[0024] 

immm] mz, mmaxx/mmimfx . 
mmmi 

:mmR<nmm') pc-dmc (^*jt) = 1 : 2<o# 

ymU^mUL. ZtlizL i PFs^ 1 MC0?iStC^& 

J: 0 mm Lxmmmm uz^. § (^^zni-mm 

<r)Si^i^^-t^i-l^y:f7Ji--tciKy-^^yim^ 
MM) btx. ^ysy)Vi!'oKy^yij]Vif"y^}^&- 

[0025] V}'^-o A -»a?ffiof^fc ± y^«?iittt 

coai^D LiCoOa (lEffivSifiilW) ?r8 0SM%. T 
-fef-l^yy^-y^ («^J) ^1 OSfi%, TK'J^-y-fb 
f:::';-/-'^ SrlO*ft%£^i>J^T'S-&L, i 

N ^)Yy^mx7.'7 'J -^^tw L-c r 

LximkmmLfz, ^Jira <tflivS!fe)«) $:9oa 

4%. -•K'J7-y-fkt-:iyf> (*S«S'J) Sri 0M*%^ 
fiJ^T-S-^L. .lW3N-;'<^;Hi'n'J ^y^MtXX 

?ei$raAfCrJ'f yfl:?tt (iSS2 Oirais U§3. 2inni) 

S-f^Uco ::i03-^ ym^fi^fflv^T, M?a (2 0°c) 

T. 0. 8mA<0^€S5S«BET\ *^±«ffi4. 2V^ 
TSSIfST^L. »:tO. 8mAcr)^^siET, *lihi^ 
E2. 7V^T'ffimL. dcojEKBS-^OJiU^:. MB 
EC-DMC (1/2) ^Wm.b\.X 
fflV^Jt*^ (JtlSM2) i:{5{J|5l^TS)0, 5 0-t-^i? 
;U^<oa?fi#tt$r fflOS i: , l3J»cm§MS: 1 0 
Q%b\.fzb%<rM^^msmt%C^. 2%X'h'y 

tz. tfz. ms,^^ ii mx'h -oti. 3 •< ymM<7)im 
maxi/mmm « i t^^i- . 

[0026] lligfi!iJ2 

2- b V 7;p7}-oxf-yU C Y =2,2, 2- h U ^/U/f ox h ^ 
->;«f;U;K-/l-a3 S:«^(c*tLT2. oaft%ffifflL 

tzaMimmm i fc isi^tmwjs Sriiii^ lt 3 >f ymm 
[0027] mm^ 
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mmiblX. 2". 3', 4". 5', 6'-'<y:?7;PjroT 

0 m&%m uci.iMi.mm 1 1 ^mizmmmirm: 
^. 

[00 28]^ISfi«j4 

WM^mmmts 2 . evox-h-^tz, n-f ym&m- 

[0 0 2 9]5ISfe^J5 

3}-a;.{-^yua] ?:mm&izMtxo. 2mM%mitz 
nMtmmmi tnmizwMm^mtx^^ ymmi 

^n-iiJ:x/mmn^^mizifit. 
loosoimmme 

aiif>\im&mi tmmizwMm^:m^ixo^ ymmi 
imt. do'^r^ ^iV'mm^'^^im^uzbzb. 
WMMsmi^m± 8 2. 5%x'hr,fz. =1^ ymm<^ 
^r^:t3i:x/mm&^miizmt. 
[003 1] mm 1 

pc-DMc (§Mit) =1 : 2(^^mmmmmi. 

;itLi,zL i P Fe 1 M<oM;^?. i d 

f^mtxmm 1 1 isimc a ^ y^?fiS:#ss t . ^im 
^m^ifztzb. wmy£.mmzpc<D^i)mz'^ 

muzm^. mmizmMmme^tifz, y«ft!i 

[00 3 2l^Mfi«l7 

Ec-DMc (§s]t) =1 : 2<7y4^?mmmmL. 
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ZtiliZLi PF6SrlMOi|]g(c^rl.J:atifSLTl: 
ig?gS:ISKL/;f^. 3 (y^z^yifyn-^^ummi^ (mo 

m) tlx, ;t^'^'7;U:tDh;UXy CY=MJ7;l^5j- 
ax^ivm iWm\,znLX2. Ofig%i:^.2.J:3 

y«?ffi^^^SL, «^fi^t1^^•SI«U^:i:^:5. ec-d 

Mc ( \/2)<r)?t.i^^tLxm\^tzm^ {^mm 

2 ) tmmmX'h 0 , 5 O-r >f ^M*cO«7fi#tt5:S] 
•^Ltzb^b. WmM^A^lOQXbLfzbtm. 

10 i;^sii#*(i9i. 2%X'h^fz. tfz. mm^i> 
mx'h^rz, ymmcoim^n-mvmmmi 

[0033] mmma 

mmtLX. ^y^yji'ittiKy^yijiVTf^y^yi'i- 
0tta%ffifflL/i{J*^iSDIig^7 

S!g L^c t ; ^ . wsMmmmi 90.7 0 
20 -r. 

[0 0 34]^lf£e»l9 

lEISvSife^i: LT , L i C o O2 tftx.T L i M n 2 O4 

^ilfflt. mmt\.x. ir^^y)Vtx^V)Vaiy cv 
= h'J7;l'3rp^^yl'«] 5-«f»?Si{c*ftT3. OM 
tfv:{|*>(S^SSi?i|8 1 ll«tSfil?SS-PS!LT3 
'fymJfi^^^L. 5 0-9-^:7;p^co«?ii!»ttlraiSL 
/sfc^^, m.^m.^mi9i. 8%x'h-^-fz, 3^ 

[0 03 5]it«e«J2 
30 EC : DMC ^Rit) =1 : 2 iO^^^jmS-PKU. 

ztiizLi PF6iiM^mmz^j:^xdi,zmmuz. 
z(nb^m^3m<^mm^^^^-t^^yi^yf^^^ 
Ky-^yimi^mit-^<muUj:*-'-^fz. z<omfmi 

m Lxmmm 1 1 mza^ y^mamL, 
^mmtfz.wimmm&iz^L, do^^^ium 
■SiM^mmmi ss. 8%x-h-orz. -^-i ywii<m 

[0036] 
[^1] 

40 
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LiCoOs 
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1M LiPFs 
EC/l!EC=1/2 


90.7 
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LiUn204 
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EC/DllC=l/2 
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LiCoO^ 
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[0037] ^iD. ^^m^isimnmmmi^zm&^ti *mmi,zhmm^tLh. 
■f. ^m<omwi>'^mmzmmsim^j:m^ ^j:m^-^h^ [ o o 3 s ] 
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PROBLEM TO BE SOLVED: To provide a lithium secondary 
battery excellent in 

battery characteristics such as cycle characteristics, 
electrical capacity, and 

preservation characteristics of the battery. 

SOLUTION: As this electrolytic solution for a lithium 
secondary battery, an 

eletrolytic solution having an electrolyte dissolved in a 
nonaqueous solvent is 

provided that contains penta-f luoro-benzene derivatives 
containing electron- 
attractive substitution groups expressed by a general 
formula (where, Y stands 

for an ester group containing an alkyl group or aryl group 
having the number of 
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carbon atoms of 1 to 12, an acyl group containing an alkyl 
group or aryl group 

having the number of carbon atoms of 1 to 12, or a 
tri-f luoromethyl group. A . 

halogen atom may be substituted for at least one of 
hydrogen atoms of the alkyl 

group or aryl group.), and a lithium secondary battery 

using this is also 

provided. 
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